The advent of the space age created and necessitated a number of applications and requirements for high power microwave amplifiers which are somewhat new or different from the conventional earthbound approaches. Presently considered uses may be divided into the following four groups:
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1. TWT's for deep space and interplanetary telemetry and data transfer.
2 . Super high Frequency (around 1 2 GHz) TWT's in the 100 to 700 W and 2 0 W range for TV broadcasting from synchronous orbit.
83 to 85 GHz frequency range at 100 to 2 0 0 W CW power output for broadcasting from space of data, wide band video and high quality audio signals.
4 . Amplitrons and klystrons at 5 kW to hundreds of kW CW power level for transmission of solar power from synchronous orbit to earth (SSPS).
A brief description of more important electrical and mechanical design features follows. TWT's in this class are designed for multichannel broadcasting of television from space at frequencies around 1 2 GHz. Four different developments with more than 100 W CW output power are known to this author: The CTS-TWT developed by NASA/Litton at 2 0 0 W nominal power output and 8 5 GHz bandwidth. This tube is already in synchronous orbit and performs well at an overall efficiency above 50 percent.
A 1 2 0 W TWT was developed by Hughes for the National Television of Japan. This tube has been space qualified and exhibits an efficiency of over 5 0 percent at a bandwidth of more than 100 MHz with PPM focusing.
High power TWT developments were also carried out in Germany by Siemens and Telefunken Companies. The Siemens A. G. is developing a 700 W nominal TWT which employs a slot mode version of the coupled cavity circuit with a velocity taper. This structure may be though of as a coupled cavity line with a coupling hole so large azimuthally that only a narrow wall segment remains. This circuit has a larger bandwidth and lower impedance than typical coupled cavities. A multistage depressed collector made of carbon is intended for direct radiation and efficiency enhancement above 5 0 percent.
The Telefunken A. G. developed two coupled cavity approaches: The first consists of a 2 0 W output driver helical TWT feeding into a severless low gain high powe:r coupled cavity TWT; the second approach employs a severed coupled cavity circuit. Undepressed efEiciencies of 17 percent were observed and (single stage) depressed collector augmentation raished the performance to approximately 4 0 percent. The klystron approach has only a 120 MHz-1 dB bandwidth (which is sufficient for many applications) but it offers a much less expensive, smaller size (1 in.) and much more efficient solution than a TWT. Because unloaded Q's of only 1500 and 1000 (at 85 GHz) respectively can be expected, high circuit losses would be associated with conventional designs. If, however, the output cavity is overcoupled lower QL/Qo, lower electronic efficiency, ne % 0.25, but a higher circuit efficiency = 1 -QL/Qo, result. This fact is important because it leads to a higher overall efficiency with a depressed collector. Permanent magnet focusing is envisaged.
Amplitrons and Klystrons for Transmission of Power from Space ( S S P S )
Limited feasibility studies of the concept for conversion of solar power in synchronous orbit into microwave power at 2.4 GHz and transmission to earth were carried out. These studies indicate that only amplitrons and klystrons achieve efficiencies in excess of 80 percent, which are necessary to be considered for potential applications in the SSPS. Raytheon arrived at an optimum amplitron design in which the output power level of 5 kW is determined by the upper limit of temperature on the vane tips, set for 350° C. Passive radiation cooling of the anode and cathode are proposed. A platinum cold cathode with a high secondary emission yield and very long life is employed. The DC voltage of 20 kV is selected to assure an easy cold cathode operation. Sa Cog magnets provide the magnetic field. An efficiency of 85 to 90 percent and a gain of 6 to 7 dB are expected. Since a 5 GW array requires lo6 amplitrons, phase alignment is necessary which is to be accomplished by mechanically perturbing the magnetic field. Output filters may also be required for noise and harmonic redction.
Preliminary evaluation of a klystron amplifier for the SSPS concept at Varian and LeRC indicates that its overall efficiency with a depressed collector augmentation, can be as high as 80 to 85 percent, if the power output is kept higher than 50 kW. This is so because klystrons need a beam-focusing field. It turns out that a body wound solenoid provides the best solution. Narrow bandwidth requirement permits a low perveance design of $0.3 pperv. and a low cathode loading of 0.5 A/cm2. An M-type Phillips cathode produces this density at temperatures of approximately 850° C. Actual emission tests predict a potential life of 20 to 40 years. However, extrapolations of that magnitude may not be valid. The advantages of a klystron are its high gain of 40 dB or more, permitting phase control at drive levels of 1 W; very low noise, higher power per tube and bake out in space with its own solenoid. The operating voltage of 30 kV, the tube size, the hot cathode and the requirement of a depressed collector to exceed 75 percent efficiency are some of its disadvantages.
